Abstract. Recent years, with changes in energy security, climate crisis, environmental protection and other social environment, investment and construction of the electricity market must be improved on the basis of the original design on the market to adapt to the new trend of social development. Based on a series of assumptions, this paper uses system dynamics model to analyze electricity market, and then make a case study which contains hard coal (HC), combined cycle gas turbine (CCGT) and gas turbines (GT) three power technologies used to supply base load, middle load and peak load. Finally, get the relationship between price, cost and investment in order to promoting the efficient allocation of power resources.
Introduction
A Cost-effective and appropriate scale of competitive electricity market is significant to guarantee the safe and stable operation of the power system [1, 2] . Under the background of a low-carbon economy, wind power, photovoltaic which representing low-carbon energy get rapid development , making electricity market subjects more diversity, the interests become more difficult to coordinate, and the system safe and stable operation are faced with more potential risks [3] . In view of this, it is urgent to explore how to use the market to allocate power resources more effectively to promote reasonable investment in generation capacity, and then enhance the stability of the electricity market.
At this stage, power market's long-term equilibrium has been widely carried out, and most of which use of the Nash equilibrium and competitive equilibrium to go on research [4] [5] [6] . But the partial equilibrium model can not reflect the long-term economic equilibrium's deviation, such as the business cycle. Based on the drawbacks of traditional equilibrium models, this paper points at the structural features of electricity market, such as feedback, delay and nonlinear, and uses dynamic model to study on the system.
Applicability analysis of system dynamics applied to long-term equilibrium of electricity market
System dynamics is a discipline of analysis and research on the information feedback system, also a comprehensive discipline for understanding and solving system problems. Starting from the microscopic structure of system for modeling, the system dynamics excavates problems generation mechanisms within the system with system thinking concepts, and builds basic structure of systems with the help of the computer simulation technology, and makes qualitative and quantitative analysis for the research system, and then simulates and analyzes the system dynamic behavior.
The issues involved in the long-term operation of the electricity market are interdependent and dynamic, relationship between the variables is non-linear, and exsit delay and information feedback structures, such investors' deterministic delay decision-making, which makes system dynamics an ideal tool. 
Model Description
Assumptions of system dynamics which used in long-term electricity market dynamic equilibrium are as follows:
(1) This paper simplified considers three different thermal power generation technology system, including hard coal (HC), combined cycle gas turbine (CCGT) and gas turbines (GT). And the investment decisions of these techniques are all determined by the endogenous variables.
(2) Investment costs, as well as other important model parameters are given as an exogenous variables.
(3) Economic profit is defined as the difference between total revenue and total costs, including the opportunity cost of capital.
Electricity market long-term dynamic equilibrium system flow diagram is as Fig. 1 . Fig.1 electricity market long-term dynamic equilibrium system flow diagram Operational capacity is increased by construction completion rate c r and decreased by retirement rate r r , while (0) P is the initial capacity. This is mathematically represented as: c r ( ) INTEGRAL( ) (0) P t r r dt P = − + (1) On the other hand, the flow equations, using the capacity retirements, as an example, are given as follows:
Where life t is the operational life.
All the flow variables used in the model have the similar construct as Eq. (2). Once mathematical equations are settled, a computer simulation model is constructed.
Simulation results analysis
System's initial simulation state is stationary. And fuel prices, investment costs and load growth rate remained stable in the simulation range, and is known for market participants. Fig.2 Trend of the maximum power demand and capacity Fig.3 Trend of average electricity price and generation cost Fig.2 and Fig.3 show the trend of maximum power demand and capacity as well as the average power price and generation cost respectively. It is observed that when prices begin to fall and electricity costs begin to rise, the capacity investment will suddenly decrease. Meanwhile, the increased investment capacity will make the price decline, and in this time the price is equal to long-term equilibrium marginal cost and profits will be zero, investors are reluctant to invest further, finally causing increased prices.
Conclusion
This paper is based on a series of assumptions, this paper uses system dynamics model to analyze electricity market, and then make a case study which contains hard coal (HC), combined cycle gas turbine (CCGT) and gas turbines (GT) three power technologies used to supply base load, middle load and peak load. Finally, get the relationship between price, cost and investment in order to promoting the efficient allocation of power resources. Conclusions can better explain China's power generation investment market, helping generation companies make rational decision-making of installed capacity planning, and then helping promote power resources' efficient allocation and electricity market's healthy development .
Further studies should consider a variety of factors, deeply study on the cost structure of different types of power supplies and the influence of electricity price, coal price and policy variables.
